INTRODUCTION
Renal diseases are important cause of pediatric hospital admissions and constitute 6.9% of annual pediatric admissions in Eastern Nepal. 1 Glomerular diseases are the most prevalent renal diseases 1 and cause significant morbidity and mortality. Many children with renal disease do not require renal biopsy for their diagnosis. However, in some patients, renal biopsy remains an indispensable tool for establishing histological diagnosis, ascertaining severity of disease, planning and monitoring of treatment modality as well as prognosticating the disease. Nephrotic syndrome with steroid resistance, steroid dependence or with atypical features, recurrent gross hematuria, staging of systemic lupus erythematous (SLE) nephritis and Henoch Schonlein purpura (HSP) nephritis and unexplained acute kidney injury (AKI) are few of indications for performing renal biopsy in children.
The knowledge of pattern of renal disease and histopathological association to presenting features in a specific region is of importance to practitioners as they have been shown to be different in various centers and geographical locations. [2] [3] [4] [5] [6] [7] There is a relative lack of data regarding prevalence of glomerular diseases in children with their association to histopathological picture in Nepalese children. Therefore this study was conducted to describe pattern of glomerular diseases in different age groups, indications for renal biopsy as well as their histopathological appearance.
MATERIALS AND METHODS
This was a retrospective study of children aged less than 18 years who underwent percutaneous renal biopsy between July 2015 and December 2017 at two tertiary care centers in Lalitpur, Nepal. Permission from the institutional review committee was obtained. Medical records of all the children who underwent renal biopsy were retrieved and data were analyzed. Those children with incomplete records or whose biopsy report was unavailable were not included in the study. Final data was analyzed only from children who had renal tissue in their histopathology reports.
Nephrotic syndrome was defined as children presenting with generalized edema, nephrotic range proteinuria (>40mg/m 2 /hour or spot urine protein creatinine ratio >2), hypoalbuminemia (serum albumin 3.5mg/dl) and hypercholesterolemia (serum total cholesterol >200mg/ dl). Steroid resistant nephrotic syndrome (SRNS) was defined as cases of nephrotic syndrome who did not achieve remission despite prednisolone at 2mg/kg/day for 4 weeks. Steroid dependent nephrotic syndrome (SDNS) was defined as cases of nephrotic syndrome who developed two consecutive relapses within two weeks of stoppage of steroid or on tapering doses of steroid. Frequently relapsing nephrotic syndrome (FRNS) was defined as cases of nephrotic syndrome that had 2 or more relapses in initial six months or more than 3 relapses in any one year period.
Acute glomerulonephritis (AGN) was defined as patient presenting with acute onset of edema, hematuria (gross or microscopic), oliguria, hypertension and azotemia.
Patients who had features of AGN and had nephrotic range proteinuria were categorized as mixed nephritic-nephrotic presentation.
Patients with two or more episodes of gross hematuria with or without proteinuria, edema or hypertension after exclusion of non-glomerular causes were classified as recurrent gross hematuria.
Patients presenting with rapidly deteriorating renal function (decrease in glomerular filtration rate by 50% as calculated by estimated glomerular filtration rate estimation using Schwartz equation) along with hypertension, edema and hematuria were defined as AGN with rapidly deteriorating renal functions. Systemic lupus erythematosus was defined by fulfilling criteria as per American College of Rheumatology and those presenting with active urinary sediments were classified as lupus nephritis.
Patients with HSP (palpable purpura and renal involvement, abdominal pain and/or arthritis) along with gross hematuria or active urinary sediments or proteinuria or hypertension were classified as HSP nephritis.
Renal biopsy was indicated in children with steroid resistance nephrotic syndrome, before initiation of calcineurin inhibitors in SDNS or frequent relapses, age less than one year or more than 12 years, hypocomplementemia, persistent microscopic hematuria, sustained hypertension, acute kidney injury unattributable to hypovolemia or presence of systemic diseases. 8 Similarly, recurrent gross hematuria, urinary abnormalities associated with systemic diseases (SLE or HSP) and unexplained AKI were other indications for renal biopsy.
Renal biopsies were performed under ultrasonography guidance with Bard 18G spring loaded gun. Local anesthesia or short intravenous sedation was given during procedure according to hospital protocol. Two cores of tissue were collected and each was sent for light microscopy and immunofluorescence study. Electron microscopy study was not done. Biopsy reports which included ≥10 glomeruli were considered adequate for the study. 9 Data analysis was done with SPSS17.0 and percentages and proportions of indications, histopathological diagnosis, demographic parameters and complications were calculated.
RESULTS
There were 76 biopsies, out of which 4 biopsies were excluded from study as there were insufficient renal tissue for histopathological analysis. There were 43 (59.7%) males and 29 (40.3%) females. The majority of children (n=48; 66.7%) were in age group 11-18 years, which was followed by 6-10 years (n=14; 19.4%) and 1-5 years age group (n=10; 13.9%).
In the studied renal core biopsy specimens, median number of glomeruli were fifteen (range 2 -37). Adequate number of glomeruli i.e. ≥ 10 was observed in 57 (79.2%) biopsies. Four children (5.6%) developed clinically significant post renal biopsy complications. One child developed clinically significant perirenal hematoma, gross hematuria and hypovolemic shock requiring blood transfusions who eventually recovered with conservative treatment. Three children had transient gross hematuria which subsided within first 24 hours. Five children had clinically insignificant subcapsular hematoma which resolved within two weeks.
The most common indication for performing renal biopsy was nephrotic syndrome (n=25; 34.7%) followed by mixed nephrotic nephritic features (n=20; 27.8%) and urinary abnormalities with systemic features (n=13; 18.1%). (Table  1) Among the children with nephrotic syndrome, SRNS and SDNS were the most frequent indications observed in 8 (11.1%) children each. Frequently relapsing variant was seen in 2 (2.7%) of all the children. Nephrotic syndrome with atypical features were encountered in 7 (9.7%) patients. Out of which 4 were of older age, 1 had positive antinuclear antibody (ANA), 1 presented with acute kidney injury (AKI) and 1 with persistent microscopic hematuria.
Among the patients with mixed nephritic nephrotic features (n=20; 27.8%), 10 patients (13.9%) were clinically diagnosed clinically as poststreptococcal glomerulonephritis (PSGN) Shrestha D et al. on basis of low c3 complement level, raised Antistreptolysin O and or AntiDNase B titer. Two children had low c3, c4 complement levels and negative ANA. Remaining 8 children had normal complement levels.
Out of 6 children with clinical presentation of AGN, gross hematuria, hypertension and edema with rapidly deteriorating renal functions, two children were suggestive of PSGN, one child had positive p-antineutrophil cytoplasmic antibody (p-ANCA) and rest three did not have identifiable etiology at the onset. Among these 6 children, 5 required hemodialysis. There were two children with PSGN who had rapidly deteriorating renal functions of which one did not require renal replacement therapy and another had to undergo hemodialysis. One child with ANCA positive vasculitis, one with IgA nephropathy and one with pauciimmune crescentic glomerulonephritis remained dialysis dependent even after three months of treatment.
Nine (12.5%) children had active urinary sediments along with hypocomplementemia, positive ANA and Anti dsDNA; of which two children had malar rash suggestive of SLE and underwent for renal biopsy. Similarly four (5.6%) children had features of nephritis along with palpable purpura and arthritis and/or abdominal pain suggestive of HSP.
Among 8 (11.1%) children who underwent for renal biopsy for gross hematuria, 7 had recurrent gross hematuria and 1 patient had features of AGN without features of poststreptococcal glomerulonephritis.
Fifty seven children (79.1%) had primary glomerular disease and secondary glomerular disease accounted in 24 children. One child who underwent renal biopsy had unremarkable glomerular morphology in light microscopy and immunofluorescence. IgA nephropathy, minimal change disease, FSGS, diffuse proliferative glomerulonephritis and lupus nephritis were the common histopathological findings.
Other histological findings are as shown in Figure 1 .
Histological diagnosis of FSGS was observed in 3 (37.5%) out of 8 children with SRNS and 3 (42.8%) out of 7 children with nephrotic syndrome along with atypical features. Majority of children with SDNS had minimal change disease in renal histology (Table 2) . FSGS was predominantly observed in age group 11-18 years (50%) which was followed by in age group 1-5 years (37.5%) ( Table 3 ).
Histopathological findings as per different indications for renal biopsy other than nephrotic syndrome is shown in Table 4 . Majority of children (6 out of 7) with recurrent gross hematuria had IgA nephropathy in renal biopsy and one child had normal histology in light microscopy and immunofluorescence study. Similarly out of 8 children presenting with mixed nephritic-nephrotic features with normal complement levels, 6 had histopathological features of IgA nephropathy. Most of IgA nephropathy children (73.3%) were in 11-18 years age group (Table 3 ).
All the six children with clinical presentation of AGN with rapidly deteriorating renal functions had crescents in glomeruli in renal histopathology (4 had crescents in 53 to 86% of glomeruli and remaining 2 patients had 10 to 18% of glomeruli with crescents). Among four children with crescents involving more than 50% of glomeruli, features of lupus nephritis, IgA nephropathy, p-ANCA positive vasculitis and pauci-immune crescentic glomerulonephritis was present in one child each.
Diffuse proliferative glomerulonephritis (DPGN) was observed in children aged above 5 years only with majority in age group of 11 to 18 years. Out of 12 children with DPGN, 10 had features of PSGN who had persistent nephrotic range proteinuria, one child had features of AGN without features suggestive of PSGN and one child had AGN with rapidly deteriorating renal functions requiring renal replacement therapy. Six patients had crescents and one child who required hemodialysis had crescents in 42% of glomeruli.
There were altogether 10 patients with lupus nephritis out of which 7 had diffuse proliferative lupus nephritis class IV and 3 had focal lupus nephritis class III histological features. One child fulfilled criteria for crescentic glomerulonephritis. Majority of children with lupus nephritis were observed in 11 to 18 years age group and female gender.
HSP nephritis was observed in four children, all of whom were in age range of 10-13 years. Three patient of HSP nephritis had crescents (2 had crescents in >25% glomeruli) ( Table 5) .
On light microscopy, crescents were seen in 20 (27.8%) children. Only one child with crescent was observed in biopsy specimen with <10 glomeruli. Twelve out of total 20 children had <25% crescents with predominance in diffuse proliferative glomerulonephritis (5/12) and IgA nephropathy (4/12) among biopsies with glomeruli ≥10 (Table 5 ). More than 25% crescents were observed in lupus nephritis (2/6) and crescentic glomerulonephritis (2/6).
DISCUSSION
Renal biopsy is an invasive but safe procedure that is required for the diagnosis and management of various clinical spectrum of renal diseases in children. 9 Renal biopsy in children is done with extreme caution after adequate preparation and all precautions are taken to obtain good tissue samples with minimal risk of complications and discomfort to the child. Failure rate of 5.3% was observed in this study as compared to 2.3 to 11.8% in other studies. 3, 4, 10 Similarly the complications noted were minimal which were similar to previous studies 2,3,10 and were appropriately managed.
The most common reason for renal biopsy in children was nephrotic syndrome which was consistent with previous studies. 4, 11, 12 Primary glomerular disease predominated the histopathological lesions among renal biopsy in children as in previous studies. 3, 6 However, the histopathological pattern differ widely in various studies. [2] [3] [4] [5] [6] [7] Unlike the previous study from Nepal 2 , IgA nephropathy was the commonest histopathological finding in this study, however the proportions of IgA nephropathy were comparable. Similarly various other studies from East Asia Shrestha D et al. and Europe showed IgA nephropathy as the most frequent histopathological diagnosis among renal biopsies. 6, 11, 13 Few other studies from Morocco and Egypt showed lower rates of IgA nephropathy which was as low as 3.4% of all biopsies. 4, 14 This may indicate toward racial predisposition and geographical variation. Previous study among Nepalese children showed IgA nephropathy in 17.2% of biopsies which were exclusively observed in age group of 10 to 14 years 2 whereas 71.4% of children with IgA nephropathy were in age group of 10 to 18 years and was also observed in younger age group in this study. IgA nephropathy was the commonest histopathological diagnosis among children presenting with recurrent gross hematuria which was consistent with other study. 3 In one patient with recurrent gross hematuria, biopsy findings were non diagnostic. Previous study has shown inability to confirm diagnosis by renal biopsy in 2 out of 13 patients with recurrent gross hematuria. 3 Minimal change disease was the second commonest histopathological diagnosis in this study and the commonest in cohort of children with nephrotic syndrome. Other studies have also shown most frequent occurrence of minimal change disease among children who underwent renal biopsy 4,15 as compared to focal segmental glomerulosclerosis as the most frequent observation another studies. 2, 3, 5, 7 Most of children with SDNS had minimal change disease. This differed in patients with SRNS where FSGS appearance predominated which was also noted in a study among Indian children. 16 Membranous glomerulonephritis has been shown to constitute from 5 to 10% of renal biopsies in children 10 as compared to 1.4% in this study. These variations may indicate difference in spectrum of glomerular disease in various geographical location or racial or selection bias of studies.
Crescentic glomerulonephritis is severe form of glomerulonephritis and occurs as 1.6-5.5% of biopsies. 14, 17 In this study, two children (2.8%) had crescentic glomerulonephritis and both remained dialysis dependent. All the children with AGN with rapidly deteriorating renal functions had crescents in renal biopsy, but only 66.7% of patients fulfilled criteria of crescentic glomerulonephritis (i.e. crescents in more than 50% of glomeruli). 18 DPGN was observed in 16.7% patients as compared to 15.3% and 27.7% of biopsies in a study from Egypt and Jamaica respectively. 14,19 PSGN was the major cause of DPGN seen in 75% of children. 19 Majority of children with PSGN do not require renal biopsy. However those who have persistent nephrotic range proteinuria and /or persistent gross hematuria or rapidly deteriorating renal functions need to undergo renal biopsy. In our study 83.3% of children with DPGN had PSGN supported by clinical presentation of AGN, low c3 and positive Antistreptolysin O and/or AntiDNase B titers. Five (41.7%) out of 12 children with PSGN had crescents; and one with rapidly deteriorating renal functions had 42% of glomerulus with crescents on biopsy and required hemodialysis. Higher proportion of DPGN attributable to PSGN in this study may be explained because of occurrence of PSGN as high as one-third of children with renal disorders in a Nepalese study. 1 This may be related to prevalent referral practices as most complicated cases are the ones referred to tertiary care center where the study was conducted. There was high rates of proliferative glomerulonephritis of 12.6% in 1991 and decreased by 4.1% in 2008 in Turkey 5 and lower rates of postinfectious glomerulonephritis in Greece 3 relating to improved hygiene and early treatment facilities.
Lupus nephritis and HSP nephritis were the most common secondary glomerular diseases in our study which is consistent with previous studies. 5, 6, 10 Only 13.9% of children showed lupus nephritis in this study in contrast to 27.6% in previous study among Nepalese children.
2 37.8% children had diffuse proliferative lupus nephritis 2 as compared to 70% of children with diffuse proliferative lupus nephritis class IV in this study. HSP nephritis was observed in 5.6% as compared to 6.9% in a Nepalese study 2 and 6.3% in another study. 4 The major limitation of study was its retrospective study design. The study was conducted at two tertiary care centers which were referral centers for complicated renal disorders causing selection bias. Hence the results may not represent the true occurrence of renal pathology in community. Renal biopsy might not have been possible in few children fulfilling indications for renal biopsy due to parental reluctancy or financial constraints which might have affected the actual results. Electron microscopy study which is now considered an essential component to describe glomerular pathology was lacking in this study.
CONCLUSION
Renal biopsy is vital for diagnosis of renal disease in children. It is safe and can be done effectively even with limited resources. Nephrotic syndrome was the commonest indication for renal biopsy and most of them were found to have minimal change disease. Those children with nephrotic syndrome who underwent renal biopsy for being steroid resistant or for falling in older age group were more likely to have FSGS. Overall, IgA nephropathy was the commonest histopathological diagnosis. IgA nephropathy was most likely to be found in children who presented with recurrent gross hematuria and those who presented with mixed nephritic-nephrotic feature. Lupus nephritis was the commonest secondary glomerular disease observed.
